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Vo 1 ume lx>^U >^fcfflVie»nT^^>^^-fe;w^-^^^©^g|5^^fe^ 



&-oTQm*\z£®z>mm*mm'tz>. z\n\z&v)Qm±#i<D*T~i3mz*:%ts 
±)i%.ftx^y7 <b) Tte, ftmznrc&^)i'%ttmyi<DftM\z&w-t%pi 

£JKj&*j£X^3>t/ (C) Ttt, it#^-£Mc<fc3it#ir;n 3 b©il©^) 

aw*, 

sit. *ftm&m\zmmiz$fow*?z>o 

1. *56WTfl4V-.CAD^Qy5Alc6tt5*ffltt©*5«#j!Hffftt*l» 

u *>7h-fe;i/ (ktc) B.&te¥\z&z&mmvt<Dft&mft&mn<Dmmxm 
zm^vfco &5&m\z&\,*T, ffinM<Dm%--c<Dm*\z~D^TU. h i r ts^ 

iitTl^VOF (Vo 1 ume Of Fluid)?* mftftJCWll 2] 

R&&ft<D*m\z&zmffi&&£<D)t®*n*Drzo mz, ^mmmommmtL 



2. ^^^g^i:it#^^ 




2. i mm^n^, 

*»WT«^**»3fcE#«5*tt C»4] (1) (2) K^*r*ffi»tttt 

S?t#CDN a vier -Stokes ^g^t!i©^T$5, 

uttaae, pi*jbe* i = i, 2, 3, j=i, 2, snm^mm 

<§> ttfcWBfcHJ (fiBff*^ • a* S G S • jBtt^^tt 2) 

•^X^-A (K-K - QUICK-MUSCL-TVD-ENOfcf) , 



(1) 
(2) 
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£LT, MitO^f $ «t^T 1 0 D X 1 0 D t bfc, 

ffimt&Mm*ett)1£T=lXmm<DA(l ams-Bashfort h*££SIfflL, 

mijt.mm<D*y7v >?\z\z, hi r t *>\z&iommznrcj£t}£mm*mm 

llftnsOLA-HSMACft [#»!Fittl3] *tt/flU 0ftltt&l. 6 
Vo 1 ume-CAD^fA(Dff > I?feo<!:'bl^7JWJXAttJlP«| • ^ 

t5KTC7JWUXAT^5. Z\ OKT c u x&nffi&mmftmz&v 

&J&&to¥ily ht;V (Cut Cell) mtmCWtikT'&ZZLt&mMisti 
fc^o KT Cte=LXK\Z&^Th-m<D±)l<Dm~D(Dmm±\Z 2m£k±<D 
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<Dft (3) TSi$tl5, 

Ay ite^tL^tlXjjmtYjjmfDteTm^&K), A,, 

ft (4) £3; (5) KickOjJca&Sns. 
Cm 5 ] 



(3) 



VF U ^1-0,5(2-4, -^.,)(2-^ -2?,_ u ) ( 4 ) 

when(A. y + A, y _, > \)and{B t } + , > 1) 

^.y=0.5(A y + 4.y-.X-», y +4-,, y ) (5) 
wheni^j + A, tM £ l)or(B f J + B,_ hJ < 1) 

t?v->mm (^rnfem) \zmm-?z>*i®. m^-m^nft (i) &er>y;i,^ 

©%&MK##g|x_<5<*: [t6] ©s; (6) <D&?\ztzz> 0 

Z\Z\-C, Ol:x{if>V^T^^ ^hJHttKroneckeri.j 

\z ft j& f & "r > y ; v t * 3 „ 

tkCte^WZ. :Tttfi&t5. ^@#:^T«0 4 <D<fc ^KTCtJV^Si 
>tbT^ (6) <D£P B 1HSf^£fT 5. (6) CDB#r H 1^lft{b{C^V>T, *J?t#: 

t &#^VOF^ffiV^Trj>hD-;^UrL-A (CV) ft K:mt3j§g<Dll#F B 1£) 

&£¥W<^&lt, ^©^a QTftz.2>f£&, m^jvx-om r*mn<t 
<Dmwhm<o 
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m 5<D-frKmR±)i<Dffi&mft*u>hu-)itfv (cv> v 
Ljtbr, ^ (6) ££B>i^#-r3 (zz-zffiqLotctbfttim^z bivf = o 

[$C6] 

^ = -<#v(t? ® «) - div(pl) + — div{grad(H)) + f ( 6 ) 

o/ Re 

JJt^ = -\\ div & - \[div(pT)dV+— \\div{grad(ii))dV ( 7 ) 

®5<Dn>bn-;i,#U^-AcDS^(D^ (1 — 2 — 3 — 4->5-*l) ^ 
te> ±!3cD*f^Ji, JBE#^&Jii:fej;tm^«^n^n [15:7] ©ck^lcitlfMt 



[&7] 

+ ^(4^/ V+ i/2 v M-V,^, > /^-,/ ? v />y . I )]? (8) 
fjdiv(p7)dV = C$(pI) >ndS = £ pJ ndS„ 

= ^AB KJ p IW2tJ -B l _ tjPlhUJJ -p p {B u -B hiJ )^ (9) 

JJj/v(^aJ(iJ))rfF = c$grad(Q) ■ ndS = £ grad(u) n • nSS m 
y,.j s^, «=t-s 

+A*4 / ^/(z/)£ /+1 , 2 -A S J _ x grad(u)>; j _ in -(4 y ^, h )s^(m)£)]? (i 0 ) 
■K4K4. y «n>rf(v)* 1/a>y -^....gmrfCv)*,,.,, -(7^.-4.^.)^^) 
+Ax(4, /g rarf(v)^, /2 -4 ^^(v)^,, -(4, -4^W(v)>)]7 

5 -r. ttffim<DMm& (8) co^^±m^.^ u) ( y > &m*it&m^ ^-n^e 
nx^p&jtY^^ic-^TcQu i cKMFpi&jtffl-r-So ism^cD^to (10) 



hp— A ©*4> ir/l/O^O (0H;U£0 5 coOfc + ftiT^-r 

20 Xt>tlZ>o 

2. 5 #^CflKfcx#<fci§#K^T 

u->^a*jtffl-rtitf, -^Tco^^tc [ffc8] ©^ (i i) «k5i:#6ns. 




w.jjfatT2>t, mmzm<tfitj (ffinjj&KDjj) tmti mn<Dmmjj\%<Dj]) 
>fv->fem*mztmmT2>£ msi a 2) (1 3) <d&o\zuz. 

x [&5] <z>5£ (14) (Dck^^te^Tc^^n^. 

35*6 Cffc8] (Dtf. (15) T5fc*63o 
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[ft .81 



(11) 



= /I ( ^>^ + JJ(%-)^ = ^^ + d<T^ (13) 
k «* |r cry 5 ^ 



C °~ pU'DIl Cl ~ pU'DIl (15) 



St = f L DIU (16) 



3. «kt*** 



(D&Z-XjiP oiseui 1 le«t, (Dmifc^ntW-T*-? <D$> Z&itft 

puffin. ^v^jiftmwmmrxDffin. ^m^^omn, m&B uf.f b 

3. 1 ft^Po 1 seu-i 1 lefldciSftK 

*l)v<d*>v bznrcvo F<D$j}%:&8iU-r2>tzib. i odx i oDiE^rnvm 
ffimmz&ttz>#2 h^, o i osri;4 5g^[cbTM^frofc. 

^(Dte^ffcfce 4 X 6 4, #2 h<D*1&U2. 5D, Z\<D¥mXfem2tl2> V 

-r y ;i^xi&r e = 1 , p^i^a t = o . 0001, ##ri$M s t e p s = 1 o 

0 0 0 ft*. W h©BgA^#tStB^ttatt)llM0M^SL&. 

xsmx(DBLtim^mtm.m^-xx^u^o £^x©vofmi6a, b, 

CIC^T. 0 6 A, B, C\Z&\lZ>WimU, m&%*kVX^Z> 0 ^£<D = 5—X\Z 
®7A, B, C Off l:^ A© a n a 1 y s i s 0. i B © i 

<d, ±^tvxmmm^mw5mt-m.Lxu^tnx^o 

^(C^oTfifefflli^^lMT^^^. ^fgHJITte, 3. 1 (DMtirm® (1 ODX 

1 0 D) tfa^gt (6 4 X 6 4) CD£2;T, RftfiiDT^i^WH 7 ;WX 
»©Re = l*^Re = 2 0 0 0 0 &X<D2 4^-XiZ-DV^X, — «»*fcfll^ 
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. n&©W&Ig«©0 6<Dck"5fCX=2. 5D, Y=5. ODtlfc. Ig0i# 

s=i. o) «mfla©i«m^^ttx^^fc:a6ifi.w (ji&w-Q)- , y# 

hi i, 01 2\z^n?nmm^-&te££fti£vtzMX5tmm5 o— 1 o o 
T, (Re<6o> <o*%w\z&zntw&m\*^#o&\z&z& 

# (B) £<fc<-gcb^3, H/^XtRe = l 0 O^iaafcDiC^ViT, 

H;;^Re>4 0 0Tlt ^^^tC.k^tf^^}^^^-^ (C) 

CnttilI^iTffllV^^pM.(l Q/6 4=0. 1 5) #&V>(DT, 
Re = 10 0 (O) ^-£*Jht;:&3 Rtt«te*lt*«l*»tt+^fc«»« 

h-fe;w*sb©i@^ifi^^j:^tf^Mm (d) \zmm& Qw*>fr\z7&±m 
mtsnz. ztuztthx. *fzwxmmvrc:?]y h±i)vvoFmz&%mm*. 
mwmm (d> \ztt^x±m\zi&wznT\,*zz\£&frfrz>. 

m 1 2"©TOS t r o u h a 1 mz~D^T, *«flT?flD»JI»«tt, ^Ifcrr- 
#<fc 0;*:it#>T&3/Ot, i/^c y;pxifcR e>2 0 0 <£>>gIE4ii££*l£ 0. 2~0. 
2 5 ©i£ffl ICiR * o T US ZL t ifit>fr % . 

pi 3 a, B\zi&<Dm?im\z&z>m$im&fc?& [##Mi5] 

fcRtt©^ittS .t r o u h a 1 tCM^S^t. *fcil4A, B lc 
-«Jffi&^jS£*&^P8s [##B*:£itKl 6] tiS^MtS t rouha.lft 



o©»3E«tsns.a. 2~o. 25 <iD«ffl# 6«»w fc^ntv^ 5 1 t*tt)* 

f ^T^Wias^SJ r auha 1S©IH^ (011, 012) 

£ttst£3k©^#^&^;:^ 
u-t yjvx&R e = 3 o o <DM&izm#i7cmfflT= 2 . 5 ©i$© vsmtmwiw 

£01 5 A, Bfc^ 0 ^H/HS[Re = 5 5O0S^ (M^7C^f^T = 
2. 5) fc^ifc [##»X«17] <h^.p-r^Rft#ifi©^^^§® i 6A, 

10 

te^K.fcSia^^tfS t r ouha 1 »fcfc, gg^^jS^it^^^fcJ:^ 
0 0 0£T©2 4*-- .XttJft&frofcrtt, Wy;PX3£8 0«±7?*;WT>jR*« 

ffi^ck^ Jc^ofe. ^^^si^©il#i/^y;i/X^R e = 5 o^tctt^.T^4>^: 
25 ^it^SSiS^ns, 
3. 3 HfflPp^trRj^T©^fflM 

©^^fc/ty ^x^^^sii^sijsn (a) , wmmnvmn (b) , 
towmmmQomn <c> , ^^«^©^n <d> , ««b 1 u f f Body 



*tot)©«En (e> ^M&mmmpKDmn <f> &£t&3o 

3. 1<D?>7 ^©RttStoDCOfffflCt^Cfcd^tHSCfil^ttl OD 
X 1 ODt, »fJS[tt6 4X 6 4iUc. *fc W /;WX»ttR e = 1 0 0, ft 

COgfEtl^ $ ft^T €T 3 <fc -5 K ft: o Jfc . 

#W?5:ai$4i5^W^:^#:iiI^F B 1i ( h lion y >3Hfc*»aig 

4. 1 si^^s^: 

20 Rtt;&t»<W«Sfr©»£K:tt, Rtt^-^^^:it^^^|6i (Y^ffpJ) tes int 
T^$tJ65^1gl&^ii-^ 0 fiP^Rft*>fr<DY#fa(D^&£[§&9]<D^ (17) T# 

H&mmvYjjfavmmmR&m*. msiox (is) t-^^ens, 

25 Ift^O^W^ • «fe^E5*;Hc:«fcoT[»9]©iC (19) \Zmto 

5$ (i9) (D^xtn^nmupimomm, c\z?>rt<D#i&mm&$k. k\t 
rt*<DW&m&&&* p\$m&<Dmm, Uo^-mmomm, d^r^coh^ 
c L tti*itt^5. a d9) &m%.7t<kVTH&<Dm#Mm$Lf 0 = u/ 

m) °- 5 / (2 7C) , M7cMIii(h = c/ (2 (mk) °- 5 ) , X?)l-h 
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>ifrS c = 2 TCh (2p e /p) — *T«E3T 

3<fc, [t9]©^ (20) fcfc*. 
[ft 9] 

v w = A2nf c cos(2af c i) (18) 
"^f^I* 7 ^ (19> 

^r + < 4 **/jf Q (20) 

5 

4 . 2 mmmm 

nft^iitsi^i:^, ^ (is) s&Ktss; (20) a>5:fc«>£ft&ig»*r 

10 R&cD^gSfr^Ifr(2^K:^v>T«, R&O^JSI^&i^jgSS: 0 tUT, 

m*v$>z>&. *%m^®mm%k<Dmmzi,zmmtsLiy>rt • /t^^s/ansfc 

20 ?rffl^Tl#a<J{3#^.5o 

4. 3 mmmmn&2Lt>-rxDmn 

^nm<DU^( SJlX&R e = 1 0 0 OOS^ICH 3. 2 0^MO*$T, 



5£ (1 7) £5* (1 8) fcJ:«^«9^i&nttSt>t)©flEn»«fSfTofe. IHV 
;WX«[R e= 1 0 0 0 ©Rlc, SM:Rtt®fc&^»;ttfflJS«»© S. trouha 

itT»A$0. 1, &ffl!BS&J3tt&&a. 2 IC^frtbT f c = 0. 05, 
5 0. 1, 0. 15, 0. 2, 0. 25, 0. 3, 0. 4, 0. 5 08^r- XTfh 

10 0.5 8»t5RftlC^f5RA*J;«»A^»'Jhna(0'bOJ;r) 
»A©^»^fc«fcO**^nfe«n<0»ttllJ«tB*^to-rs t rouba lt 

s t t&mmmmm&f c<Dmm&m2 o\zm~r 0 strouhaito. 2u 
ifi©o. i5<f C <o. 2 5\z&nz f ess t = i<D^&i&%:fr<E>, mmm 

WtOkarao t 6&©^»[*»WXlttl 8 ] £ teW 7 ;l/XI& (Re = 
1 9 0 0 0) ^HttJgi&^itg (A = 0 . 0 5) tfe^^/it, O k amo t o e> 
20 O^l:<t§0. 1 8 6<f c<0. 2 1 6 007^^ >ia(i*^HJ©D5/^ 

4. 3 ^^-^-^(Da^tCcfcD^ (20) <Dmmj5u&&m 

25 #u Rg<B«e®£i&©i8i&&&^&imfg£3fc&£. H&ommmm&z e> 
K:»m#©5i&j&iM&#£ UT»-rs.^n«©^-</ji/Xj»cR e^ioooo, 

7^;i/-h>|&Sc£5, M^$th£l%, &#^^Vr=Uo/(foD)£2, 
3, 4, 5, 6, 7, 8 ®-fc$— XTfH££fr <0&&7GSSEj$K:2**r Siri 
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5 ^ (20) ©£!&;frg£©;652©»#c L Jgtt, #5£S&ii2&ttHc<fc D^jBaffW 

\z#fenum$L*h5-%.T^z>r£tf>, a. 3<ds i n^mmm\zit^x, ^mm 

\Z£2>mJ]Zitritl<D¥-i%mZ* ^ihRtt© h<D J; V) m^T* Z. iitf— bTV>3 
t> © <£> . © IMJ K^ft; mm it h o <h ^FMM'J ft Wt^TV^ui JL £ n 

io ^>o mrcm^jtmrnv t = 4 m^cDm^mm^f o = 1/4 = 0. 2 5 ) ®$ 

OStrouhaltSt = 0. 25 KfcKgf 3 

£-*<Z>M;&7G^SlV r IC^t^ y Ol^clt $11 tT0 2 3 l£^*T. 
fiyHO^T*5t, Vr = 2, 3, 4 T«y ©g^mS^fgK*^ < ft 9 > 
15 Vr = 47?S^5. ^O^, V r < fc£ KotlT, y ttft 

20 5 . $pf 

(1) v-c AD7-&&m&mm-r2>mftmmjj8k&ffl%is* tomm-n^m 
25 tftm-zntc. 

« « 

(2) ffinm<DMVt\ZMVT\*. t'A/^IMmoTfe, V-CADf- 



*Re=I 0 0 O0S^C, H&0&mM®\Z&2>Uy>7-( >( fc/St = l) 
M^fctO. 15<fc<0. 2 5T»*Hfc*tf»Snfc. 

K;;VX»Re= lOOOO ^^M^CTC^jiV r = 4(DPf, 
PJttSfllt (fo=l/4) *«»lhRttCDS trouhalffc(St = 0. 
5 2 5) £^b<fcSP3Mc, JlfteaSi&fcJ:S*««IB5&tjBc:s2:i:*«^Snfc. 

10 _Lj£ L £:<£5 (d, ttftCADtlTMSnT^V-CAD3j?^tJI/T- 

15 3&*#J&*ofc. 

*§B# 13 T? ff "5 £ <h ^ § 3$ © g ft & £ # "T 3 . 




2) ^^^a^-r^^^^-fe;!/ (i 3) izftm-rzftmz^v? (a) 
5 #mznfr&±)i&tt&m<D[KiM\zi{Lm~rz>ftffi~t)i> (i3a) tm^-^ 

^tsm^-±JV (13 b) £\Z&ftTZ>±.)V%tt7.<ry7 (B) 
Xry^ (C) 
10 ^(D) i, 

zmtitx^-y? (e) &m%-rcz\t*fftWLt?z>v-cAD7 : --?*mmm 
2. mmffiVrxry-? (e) k^t, Qmrnftizn^x. ttwimiz-x; 

15 7CCQU I CKir B U*-A=£f fflt, ^Jl^-^^SO^II^Srffl^, 
^itfrfco^T, ;tf^£&m^£^fc>itT_:^S4>Ad ams-Ba sh f 
o r t hm&mm V. EEtt^fmm\Z— *ig©Eu l e r 

^m^-rsiifsfcjjt i \zmm(D#]£mftm&ffift<Dffinm<D&mmffi*m. 

20 <Dt£ (7) T^^fef > 

jj^dV = - jp/v(5 <8> «>/F - ftdiv(p7)dV + — JJ<//v(gra</(u))rfF ( 7 ) 

^ t*ftm£?zmMm2 \zmm<D#fem&ft&mft<Dffinm<DWiinffiffiij&. 

25 m^Sr [&2] (8) , (9) > (10) T&£fc>-f\ 

m2\ 



=[4y(^<%-B,.,X>M.y) 

JJt//v(p/)^=^( / 7/) ^pJ'nSS m 

^MB^p^j-B^jp^j-p^B^-B^Jf (9) 
jjdiv(grad(uy)dV = <£f grarf(M> ♦ = ^ grad(u) n • H&S m 

+Ax(A, jgradivXj^ - ^gmdivy^ -<A. f ~ AjJ^Otylj 
6. h-fe;i-fC^^T#ai$n^^ii^|!i:(D^^^$, VOF = 0. o 

&2>. z.t &m&m3 \ztm<D}mm&ft&wtfc<DffitiM<D&mm%f 



[$C3] ©it (1 2) (1 3) T&£:b-3\ 
[&3] 

= ff(^)^+JJ(^)^ = ^„^+^* (12) 
= J<*« U<r> U)>^ + }(^ U> UoH«* o^ta, 

mil : 

ft d& d<7 

= 11^^^ + W^^ydx = cf <V& + <$<7„ds (13) 

£*&©Y:£|iS]©2Ste&5$ (17) H£^®©Y#[Rj©jggjg#&#£ v 
S (18) T#A^>, 

' y = Aw&zf/) (17) 

v w = A2xf c cas(2nfj) (18) 
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10. ^ (i 8) *^*«)&nfc««r*r*Rtt©aift]gfl!s, «En$©& 

5 li^lgftI^>/t'«fet7;PiT, it (19) Xtt^I (2 0) T^e.^ 

•*\ 

OT ^r +c f + = \& 2 .DC t (19) 

^?+(4^)^-f(WJ^ = gc £ (20) 

12. ^ (2 0) *>&**6nfeig»'r*Rtt©3Si&5iisi*, ^n^©^ 

13. Rtt0HTOtUMSOtU ^ (2 0) (DWiJ3fc$l& 

<Dm.*m^~cmm\z^x. ^ (20) ©igi^^a^s-a.-x'-^o/g^tc^t) 
m&v. n&<DMW}&$Lt:MW]mm*&tb%, ^t^itttsi^i it-is 

14. #jBE^i(tttt^^<h^'rs#^^ (1) ©i£ii^-^e>&3^gB 

"r-5> (12) £A#T£A#=gg (2 ) <fc, Mttfai^^-p tfe^frf- 

7A*^fT-r*fc«>©rta58Btts« (4) Rrx^^^a^s (5) nff^m 
20 ^m^t-sm^nm (6) t^d*., 

MiB^aux^^&^if^it^-r ^^nc©-fe)i/ (13) ic^siib, ^>fj$nfe$ 
-fe;v^*f^^(^rt(8ij^^m-r^rtgi5ii^ ( 1 3 a) tm^r-^^tsm^)^ 

(13 b) £fc.K#U i£«^f-^l:«t5«#tJP (13 b) 




15. ny\izL-^\z. #&M&tt&mft£m^ZMM®<Dm& ; T-*fr 
(12) £^IWit3£t-<5l£$:cD-fe;w (13) \zftm~tZ>ttm 

Xfy^ (A) 

s ttmznrz&^)\,*Mmw(D\Hm\z#LW?2>piffi j k)i (13 a) 

Z^tsmft-tfr (1 3 b) t\zmft?2> J t)\s&tt7.T-y7 (B) 

mum.Wr-?\z&z>m.ft*.)v (ub) <D&n<D®m 

Xfy^ (C) 

^ #> ^ £ & ^ ^ J£ $ # |f ® © ii ; n*g 5 s - ^ £ T 5 ® 'ft ^ X t- v 
10 y (D) 




5 ^E^ftatt^tgtS^tlJOt^^^^ve^S^ff-^ l 2&m& 

jcm^-r^ir^K^x^^y (B) m&7 £ ~-#\z&&mft±)ii sb<Dmm 
io #M<Dir;prt^5 i -^t^rs^#®^^x^-/7 p D<i:, mnm<Dm.mz, VOF 

&£#JB kfc#y hi?^ <h£ 
Jt^L&o ..... . 
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